F rown lines or brow furrows (also known as glabellar facial lines) arise from the activity of the lateral penetrating corrugator and the vertical procerus muscles. The corrugator muscles are symmetric and are located on each side of the glabella. Each corrugator pulls the overlying skin, resulting in the formation of a line perpendicular to the underlying musculature. The procerus muscle pulls the skin down, resulting in a horizontal line in the skin perpendicular to the underlying musculature. 1
efficacy and similar safety in the treatment of moderate to severe glabellar lines. [3] [4] [5] Repeat treatments with BoNTA-ABO are required to maintain efficacy, making it necessary to study and document long-term safety over multiple treatment cycles. For this reason, an open-label phase III study was performed and has documented the safety of up to five serial treatments with BoNTA-ABO over a period of 13 months. 6 This article reports findings from an extension study and further examines the long-term safety of serial treatment cycles, following patients who successfully completed one of four phase III trials and then underwent up to eight retreatments with BoNTA-ABO during a 24-month period.
The minimum dose for clinical effectiveness, duration of effect, and safety has been identified as 50 units per treatment cycle. 5, 7 Three of the phase III trials from which patients could enter this extension study used this dose. 3, 4, 6 Another trial evaluated variable dosing based on muscle mass and gender. 8 Subjects entering from this trial initially were retreated with fixed dosing (50 units), similar to those entering from other studies. A protocol amendment dated October 20, 2007 allowed patients enrolled from the variable-dose study to be retreated with variable dosing. Patients who entered from the variable-dose study before this amendment were treated with fixed dosing. Following the amendment, any retreatments of patients from the variable-dose study were performed using variable dosing.
An earlier analysis of this extension study covered only data collected before this protocol amendment (through March 31, 2007) and therefore did not examine the long-term safety of variable dosing. 9 The current analysis was performed to evaluate this issue. Compared with the earlier publication, this article also includes an additional 20 months of data (through November 30, 2008) and nearly double the number of patients (1415 versus 768).
The effect of neutralizing antibodies was not an endpoint of this study and is addressed elsewhere in this supplement ("An Evaluation of Neutralizing Antibody Induction During Treatment of Glabellar Lines With a New US Formulation of Botulinum Neurotoxin Type A," page S66).
METHODS
Patients who satisfactorily completed participation in any one of four BoNTA-ABO phase III studies were eligible to enter this extension study if they met the other inclusion criteria (Table 1) . Inclusion and exclusion criteria have been described previously. 9 Subjects with an ongoing treatment-related adverse event (TEAE) from a previous study or an ongoing non-TEAE that had not stabilized were excluded. Approximately 1500 patients were to be included by study completion. A total of 1415 patients had entered from 44 centers in the United States when enrollment was closed in May 2008. The study is ongoing and is scheduled to continue at least through the spring of 2010.
After enrollment in this extension study, subjects can receive up to eight treatments with BoNTA-ABO over approximately 24 months. No retreatments are performed unless at least 85 days have elapsed between treatments and patients reexhibit moderate or severe glabellar lines (glabellar line severity score [GLSS] of 2 or 3) at maximum frown based on both investigator's and patient's assessment. The GLSS is a validated scoring method in which 0 corresponds to no glabellar lines, 1 represents mild glabellar lines, 2 represents moderate glabellar lines, and 3 indicates severe glabellar lines. 10 Each fixed-dose treatment consists of five injections of BoNTA-ABO totaling 50 units (which translates to 0.25 mL of product when reconstituted with physiologic saline to a concentration of 10 units BoNTA-ABO per 0.05 mL). Treatment is administered with a 30-gauge needle on day zero of each cycle.
Variable dosing also includes five injections, totaling 50, 60, or 70 units of BoNTA-ABO for female patients and 60, 70, or 80 units for male patients, based on muscle mass. Patients with the largest muscle mass receive the highest doses. 8 Muscle mass was assessed using a scale validated for inter-and intraevaluator consistency using weighted kappa coefficients. Most patients who enrolled from the variable-dose study were initially treated with a fixed dose and later with a variable dose after a protocol amendment permitted it. Patients receiving both types of doses are counted in both groups. Patients treated with a variable dose based on muscle mass can receive a different variable dose at each cycle, depending upon the administering physician's calculation before each treatment. Patients can therefore be counted in multiple variable-dose groups.
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Subjects remain at the study center for 30 minutes after each treatment for the measurement of vital signs and assessment for adverse events (AE). They are contacted by telephone seven days posttreatment to check for AE and concomitant medications. Follow-up clinic visits occur on days 14, 30, and monthly until retreatment, study completion, or early termination. The final study visit should occur at month 24 of the study or 30 days after the patient's final study treatment, whichever is later. Patients will be followed for another year thereafter. Initial endpoints were instances of AE and changes in vital sign measurements. AE are categorized by severity (mild, moderate, or severe) and investigator-assessed relationship to study medication (probable, possible, unlikely, or not related). No statistical testing of AE incidence has been performed. Ptosis events are recorded based on either the patient's report or the physician's observation. This interim analysis does not report on vital sign measurements. An earlier interim analysis of data from this study reported no clinically significant changes in vital signs. 9 Therefore, vital signs were no longer measured after January 1, 2008.
Serum samples were collected to screen for antiClostridium toxin antibodies at baseline, before retreatment, and at study completion or earlier discontinuation. This collection continued until January 1, 2008, when a protocol amendment removed the requirement to collect blood samples. Table 2 lists the demographic and baseline characteristics of the subjects who had received at least one treatment at the time of this interim analysis (N ϭ 1415). The majority of subjects (1289/1415; 91%) were female. Most subjects (93%) were 65 years of age or younger; the median age was 49 years. The largest group of subjects entered from the variable dosing study (603; 43%).
RESULTS

Disposition of Patients
As of data cutoff, 85% (1209/1415) of subjects enrolled and who had received at least one treatment remained in the study. Of those continuing in the study, 546 (39% of total) had completed two years of treatment. Another 30 (2%) had fully completed the study through the thirdyear follow-up period. For the 176 (12%) who discontinued before completion, the most common reasons for withdrawal included patient decision (109 patients; 8%) or loss to follow-up (48 patients; 3%). Ten subjects were removed because of noncompliance with study requirements, eight subjects withdrew because of an AE, and one was removed because of investigator decision. After this patient was diagnosed with chronic lymphocytic leukemia, an AE deemed severe and not related to study treatment, an investigator thought that removal from the study was in the patient's best interest. Table 3 lists the instances of AE that resulted in patient discontinuation.
Treatment Exposure
A total of 6760 BoNTA-ABO treatments were administered during the period covered by this analysis. Maximum exposure to fixed-dose therapy was eight treat- (Figure 1 ). No more than six cycles of variable-dose therapy were administered because the protocol amendment allowing this option was made about 13 months before data cutoff. Patients received, on average, 4.8 or 4.9 treatments (female and male patients, respectively). Two female patients incorrectly received 80 units of BoNTA-ABO. Figure 2 lists the number of patients treated at each cycle.
Treatment-Emergent Adverse Events
Of the 1415 patients, 932 (66%) experienced 3887 instances of AE. All but 26 AE were TEAE (3861/3887). Table 4 lists the incidence of patients experiencing any TEAE overall by both gender and dosing group. The proportion of patients reporting any TEAE and the rate of TEAE per patient were judged similar between the fixeddose group and each variable-dose group. Table 5 lists the incidence of patients experiencing any TEAE by study of origin and by gender and dosing group. The incidence of all TEAE remained relatively constant or decreased over repeat cycles of BoNTA-ABO therapy (Table 6 ).
Investigators assessed the majority of TEAE to be mild (2707/3861; 70%) or moderate (758/3861; 20%) in severity; 5% (200/3861) of TEAE were judged to be severe ( Table  7) . The remaining 5% were medical procedures recorded as AE in accord with the study design; therefore, no severity rating is associated with these events. The most frequently reported TEAE were nasopharyngitis (12.1% of patients who received a fixed dose and 3.0% of those who received a variable dose based on muscle mass), headache (5.8% of the fixed-dose group, 4.2% of the variable-dose group), upper respiratory tract infection (5.7% of the fixeddose group, 2.8% of the variable-dose group), and sinusitis (6% of the fixed-dose group, 1.2% of the variable-dose group). As noted, the same subjects could have received both fixed-and variable-dose treatment, and more than one variable dose of BoNTA-ABO; those subjects are therefore counted in both groups. The safety profiles for male and female patients were similar. No trends in type or frequency of TEAE were observed at any dose.
Serious AE (SAE) occurred among 7% (95) of patients. Of the 145 SAE, all but one was deemed unlikely to be related or unrelated to study treatment. The sole exception was a patient who was hospitalized to rule out stroke when presenting with eyelid ptosis without disclosing participation in this clinical trial. This event was considered mild and probably related to study treatment.
The majority of all TEAE (3361/3861; 87%) and of severe TEAE (199/200; 99%) were considered not related or unlikely to be related to the study treatment. Only one SAE, a headache, was classified as possibly related to BoNTA-ABO treatment. No severe TEAE occurred in 1% or more of patients in any group broken down by dose and gender (eg, female patients, fixed-dose group).
Ocular Reactions
This category includes at least 18 types of reactions around the eyes (eg, eyelid ptosis, eyelid edema, dry eye, blepharospasm, ocular hyperemia, blurred vision, The sum of all subjects in the fixed-and variable-dose groups exceeds the total number of subjects in the study because most patients enrolling from the variable-dose study initially were treated with a fixed dose. Patients receiving both types of doses are counted in both dosing groups. *No male patients treated at these cycles. † A total of 10 male patients were treated with 70 or 80 units at cycle 6. The numbers of patients in each dosing group appear in parentheses. Note: Variable dosing has not yet been administered beyond cycle 6. No male patients received the 50-unit variable dose; no female patients received the 80-unit variable dose. The sum of all subjects in the fixed-dose and variable-dose groups exceeds the total number of subjects in the study because most patients enrolling from the variable-dose study were initially treated with a fixed dose. Patients receiving both types of doses are counted in both dosing groups. In addition, patients receiving a variable dose based on muscle mass could receive a different variable dose at each treatment cycle depending upon the administering physician's assessment of patients' corrugator and procerus muscle mass. Patients could therefore be counted in multiple variable-dose groups.
and eye irritation). The overall incidence of TEAE around the eyes was low (7% to 9% of patients in the male and female fixed-dose groups, respectively, and 0% to 6% or 3% to 5% in the male and female variable-dose groups, respectively). It should be noted that smaller numbers of patients were treated in the variable-dose groups (n ϭ 715) compared with the fixed-dose groups (n ϭ 1390). Statistical comparisons of these data were not performed. It was concluded that the incidence of TEAE around the eyes did not appear related to BoNTA-ABO dose. Regardless of dosing, the incidence of periocular complaints and reactions tended to decrease with each subsequent treatment cycle (Figure 3 ). Ocular reactions accounted for 5.8% of all TEAE in the fixed-dose group (193/3314) and for 6.9% of all TEAE in the variable-dose group (38/547). Eyelid ptosis accounted for 1% (35/3314) of all TEAE in the fixed-dose group and 2% (11/547) of TEAE in the variable-dose group. A total of 42 patients (3%) experienced 46 eyelid ptosis events. Roughly 13% resolved within one week, 43% resolved within three weeks, 61% resolved within 30 days, and 78% resolved within 60 days (Figure 4) . Almost all eyelid ptosis events (44; 96%) were considered possibly or probably related to study treatment. Most (40/46; 87%) were rated as mild, six (13%) were rated as moderate, and none was rated as severe. The incidence of eyelid ptosis events per patient ranged from 0.01 to 0.03 events per patient depending on dosing group and gender, suggesting that the incidence of eyelid ptosis was not related to dosing group or gender. No patient withdrew from the study because of eyelid ptosis. One instance of eyelid ptosis recurrence in the same eye was recorded over the course of subsequent injections in the study. The next most commonly reported eye events were dry eye and eyelid edema, each occurring in 1% of patients.
DISCUSSION
This study represents the first examination of long-term safety with variable dosing of BoNTA-ABO. It includes data from 549 patients treated with variable dosing over roughly 13 months. The rate of TEAE per patient and the proportion of patients reporting any TEAE were comparable in both the variable-and fixed-dose groups. This suggests that the safety profile of repeat administration of variable doses based on muscle mass is similar to that of repeat treatment with the lesser or fixed 50-unit dose.
In addition, this analysis includes substantially more treatment exposure than the earlier interim report, with nearly double the number of patients (1415 patients versus 768 patients). 9 It identifies no significant changes in the safety profile or trends in safety with repeated treatment over time. As was the case in the earlier publication, there is no suggestion of cumulative safety issues, because the incidence of TEAE remained relatively constant or decreased with successive treatment cycles. When complete, this study will provide data for 2.5 to 3.5 years of follow-up using BoNTA-ABO. This is unique; no other trial of botulinum toxins has yet studied the safety and efficacy of repeat administration and variable dosing based on muscle mass in a long-term clinical trial.
Our data show that the number of ptosis events tended to decrease with each treatment cycle. We speculate that this decrease may have occurred because, over time, patients learned what to expect with each treatment and could distinguish true ptosis from the feeling that typically follows a series of injections into the glabellar area. It also is possible that physicians' technique improved with experience. The latter factor also may explain our The sum of all subjects in the fixed-dose and variable-dose groups exceeds the total number of subjects in the study because most patients enrolling from the variable-dose study were initially treated with a fixed dose. Patients receiving both types of doses are counted in both dosing groups. In addition, patients receiving a variable dose based on muscle mass could receive a different variable dose at each treatment cycle depending upon the administering physician's assessment of patients' corrugator and procerus muscle mass. Patients could therefore be counted in multiple variable-dose groups.
observation that incidence of TEAE per patient was lower in the more recently conducted trials than in those conducted earlier (Table 5) . Indeed, TEAE incidence rates fell with each subsequent trial. To our knowledge, long-term safety data covering a comparable length of follow-up in a similar number of patients have not been reported for Botox Cosmetic (onabotulinumtoxinA [BoNTA-ONA]; Allergan, Irvine, CA) used in the treatment of glabellar lines. A similar incidence of ptosis (3%) was reported with Botox Cosmetic in clinical trials during which a substantially smaller number of patients received the product (405 versus 1415 in our BoNTA-ABO study). 11 As in our study, the incidence of ptosis fell with subsequent treatment cycles (up to three cycles). 12 A review reported that headache occurred in 13% of patients treated with BoNTA-ONA in two large placebo-controlled trials (n ϭ 537). The incidence of headache declined with subsequent treatment cycles. 12 Our analysis reports headache in 5.8% of patients treated with fixed doses of BoNTA-ABO and in 4.2% of those treated with variable dosing.
CONCLUSIONS
The data in this study, taken from multiple cycles with fixed or variable dosing of BoNTA-ABO, show that BoNTA-ABO is well tolerated for the treatment of glabellar lines. The incidence of AE remained relatively constant, even decreasing over repeated treatment cycles, so there was no evidence of cumulative safety issues. ◗
